Background Laparoscopy has now been implemented as a standard of care for elective colonic resection around the world. During the adoption period, studies showed that conversion may be detrimental to patients, with poorer outcomes than both laparoscopic completed or planned open surgery. The primary aim of this study was to determine whether laparoscopic conversion was associated with a higher major complication rate than planned open surgery in contemporary, international practice.
Introduction
Minimally invasive approaches for colonic resection are now incorporated into clinical practice in many settings [1] . A number of major international randomised trials (COST, CLASSICC, COLOR I, ALCCaS) have described the safety, feasibility and benefits of laparoscopic segmental resection including reduced intraoperative blood loss, faster return of bowel function and reduced length of stay, without compromise to oncological outcomes [2] [3] [4] [5] [6] [7] . Published studies in the initial period of adoption of laparoscopy suggested that patients who undergo conversion from laparoscopic to open surgery had more short-term infections complications (although oncologically equitable resections) than procedures completed laparoscopically, or those who had planned open surgery [5, [8] [9] [10] . Since many units have now overcome unit-level learning curves, performance may have changed in terms of indications for conversion, rate of conversion and outcomes when conversion occurs. Following the IDEAL framework for surgical innovation, up-to-date, multicentre 'surveillance' is required to assess the safety and penetrance of laparoscopic colonic resection in contemporary practice (IDEAL stage 4) , and to support further roll-out of laparoscopic surgery for novel indications and into new settings.
The primary aim of this study was to determine whether laparoscopic conversion was associated with a higher major complication rate than planned open surgery. Our hypothesis was that after adjusted for casemix, laparoscopic conversion may have a favourable complication profile to primary open surgery within modern post-implementation practice.
Methods

Protocol and centres
This study combines patients from the 2015 ESCP right hemicolectomy audit and the 2017 ESCP left-sided colorectal resection audit, conducted according to pre-specified protocols (http://www.escp.eu.com/research/c ohort-studies). Any unit performing elective gastrointestinal surgery was eligible to register to enter patients into the study. No minimum case volume, or centre-specific limitations were specified. Study protocols were disseminated to registered members of the European Society of Coloproctology (ESCP), and through national surgical and colorectal societies, including the European Crohn's and Colitis Organisation.
Patient eligibility
Patients included in this pre-planned analysis were adults (≥ 16 years) undergoing elective segmental colectomy from the caecum to the rectosigmoid colon with a single, primary anastomosis. Open, laparoscopic, and laparoscopic-converted procedures were all included. Patients having robotic or robotic-converted procedures were excluded. Operations with multiple (> 1) anastomoses were excluded, as were resections including the rectum, those with formation of end colostomy without restoration of gastrointestinal continuity (e.g. Hartmann's procedure) or multivisceral resections. Patients undergoing more extensive resection such as subtotal colectomy or panproctocolectomy were excluded. Both operations for malignant and benign indications were eligible.
Data capture
For right-sided colonic resections, patients were captured over a 6-week period between 15 January 2015 and 15 April 2015. For left-sided colonic resections, patients were included over an 8 week period between 1 February 2017 and 10 May 2017. Teams of up to five surgeons and surgical trainees worked collaboratively to collect prospective data on all consecutive eligible patients at each centre. All teams included at least one consultant or attending-level surgeon to quality assure data collection. Data was entered contemporaneously on to a secure, user-encrypted online platform (NetSolving and REDCap for 2015 and 2017 audits respectively) without using patient identifiable information. Centres were asked to validate that all eligible patients during the study period had been entered, and to attain > 95% completeness of data field entry prior to final submission. Laparoscopic conversion was described as unplanned extension of the primary laparotomy incision, or a secondary laparotomy incision, created intraoperatively for any purpose other than specimen extraction or exteriorization (i.e. to form an anastomosis).
Outcome measure
The primary outcome measure was the postoperative major complication rate, defined as Clavien-Dindo classification grade 3-5 (reoperation, reintervention, unplanned admission to critical care, organ support requirement or death). The secondary outcome measures were (1) overall anastomotic leak, pre-defined as either (i) gross anastomotic leakage proven radiologically or clinically, or (ii) the presence of an intraperitoneal (abdominal or pelvic) fluid collection on postoperative imaging.
Statistical analysis
This report has been prepared in accordance to guidelines set by the STROBE (strengthening the reporting of observational studies in epidemiology) [11] statement for observational studies. Patient, disease and operative characteristics were compared using Student's t-test for normal, continuous data, Mann-Whitney U test for non-normal continuous data or Chi-squared test for categorical data. To test the association between the major complications and the main explanatory variables of interest (laparoscopic completed, laparoscopic converted, and open surgery), a mixed-effects logistic regression model was fitted. Clinically plausible patient, disease and operation-specific factors were entered into the model for risk-adjustment, treated as fixed effects. These were defined a priori within the study protocol and included irrespective of their significance on univariate analysis. The treating hospital were entered into the model as a random-effect, to adjust for hospital-level variation in outcome. Similar models were created to assess associations with the secondary outcome measures (anastomotic leak and laparoscopic conversion). Effect estimates are presented as odds ratios (OR) with 95% confidence intervals (95% CI) and two-tailed P-values. An alpha level of 0.05 was used throughout. Data analysis was undertaken using R STUDIO V3.1.1 (R Foundation, Boston, Massachusetts, USA).
Ethical approval
All participating centres were responsible for compliance to local approval requirements for ethics approval or indemnity as required. In the UK, the National Research Ethics Service tool recommended that this project was not classified as research, and the protocol was registered as clinical audit in all participating centres.
Results
Patients and centres
In this study, 3980 patients, from 566 centres across 48 countries underwent an elective colonic resection (Fig. 1) Compared to those who underwent a completed laparoscopic resection, patients that required a laparoscopic conversion were older (converted vs laparoscopic; 16.7% vs 14.2% aged > 80 years), more likely to be male (60.7% vs 51.5%), have a high ASA grade (ASA 3 to 5; 34.5% vs 27.3%) and be obese (26.5% vs 21.3%; Table 1 ). Unadjusted postoperative outcomes
Completed laparoscopic surgery was associated with low rates of major postoperative complications, anastomotic leaks and re-operation (Table 2) . When comparing the unadjusted postoperative outcomes between laparoscopic converted and open surgeries, there were no significant differences in major postoperative complications (9.7% vs 11.6%), re-operation (8.1% vs 6.8%), or anastomotic leak (9.5% vs 8.4%) rates between the groups.
Adjusted postoperative outcomes
The major complication rate was highest after open surgery (laparoscopic 7.4%, converted 9.7%, open 11.6%, P < 0.001). After adjustment for confounding factors, in comparison to completed laparoscopic surgery, open surgery was associated with increased major postoperative complications (OR 1.64, 1.27-2.11, P < 0.001) but laparoscopic converted surgery was not (OR 1.24, 0.83-1.87, P = 0.30; Table 3 ). The anastomotic leak rate was highest after converted surgery (5.4%, 9.5%, 8.4% respectively, P < 0.001). In the multilevel model, laparoscopic converted surgery (OR 2.07, 1.34-3.21, P = 0.001) and open surgery (OR 1.87, 1.37-2.56, P < 0.001) had similar higher risks of leak compared to completed laparoscopic surgery (Table 4) .
Predicting laparoscopic conversion to open surgery
In the multivariable analysis, independent predictors of laparoscopic conversion were ( 
Discussion
This study showed that laparoscopic converted colonic resection was not associated with increased major complications compared to laparoscopic completed surgery, or with increased anastomotic leaks compared to open surgery. This supports laparoscopic resection as the primary approach when colonic resection is indicated. It suggests that following widespread implementation of laparoscopic surgery over the last two decades, as surgical experience has increased colorectal surgeons are now able to better select patients for both a complete laparoscopic operation, and judge intraoperatively to convert to an open procedure (Fig. 3) .
In this multicentre international study, two thirds of patients underwent a planned laparoscopic operation. This is one of the highest rates described worldwide showing the high implementation of laparoscopic approach in contemporary practice [12] . This study did not collect data on previous surgery or size or stage of lesion resection, which may have indicated that an open operation in the first instance was entirely appropriate. We also have not included robotic surgical approaches in this analysis which may underestimate the overall minimally invasive surgery rate. However, our data provides scope to increase the laparoscopic rate in units or areas where it has not yet been implemented (including those in low and middle-income settings). The conversion rate was 14%, consistent with a decreasing trend since the introduction of laparoscopic surgery. In 2005, the CLASICC trial showed a laparoscopic conversion rate of 29.0% [3] . Subsequently, several studies showed conversion rates between 10.4 and 29.0% with detrimental outcome [3, 4, [13] [14] [15] . More recently, a Dutch national review reported a conversion rate of 8.6% for colon cancer [13] . The literature has been divided about whether conversion impacts detrimentally on short-term outcomes. Dutch series have reported higher rates of postoperative complications in patients who had laparoscopic conversion when compared to open resections. These rates were significantly higher in those with late conversion (> 30 min) compared to early conversion (OR 1.34, 1.05-1.72). There was no impact of conversion on mortality in these patients [13] . In contrast, one of the largest series of segmental resections reported, with 207 311 patients operated in the United States, found that conversion had a higher morbidity and mortality than completed laparoscopic procedures, but better outcomes than primary open procedures [16] . Allaix et al. showed no significant differences in short-term postoperative morbidity, mortality, or hospital stay between converted and laparoscopic completed group in a cohort of 1114 patients [5] . The present prospective multicentre study validates the findings of these retrospective analyses in a modern, real-world cohort, demonstrating that conversion does not place patients at increased risk of major complications, nor does it alter the baseline risk of leak to that of open surgery. This is likely to reflect satisfactory patient selection for both the initial laparoscopic procedure and conversion to open surgery; however, we did not collect specific information on early vs later conversions, or the indication for conversion in this study. Our data demonstrates that male gender, older age, low BMI and higher ASA grade are all associated with a higher risk of laparoscopic conversion. The factors included within this model are not comprehensive; presence of intraabdominal abscess or fistula, previous surgery and surgeon experience were not collected here [17] . Therefore this analysis should be seen as exploratory only. Whilst, this study supports a laparoscopic first approach where feasible, presentation of this data with help tailor informed consent for patients undergoing attempted laparoscopic colonic surgery using simple, easily comprehensible patient factors. Despite equivalent short-term patient outcomes, laparoscopic conversion is not without consequence to patients and health systems. Health economic data from the United States suggests a prolonged length of stay and significant cost implication to laparoscopic conversion (adjusted mean cost: $20 165) vs planned open ($18 797) or laparoscopic completed surgery ($16 206) [18] . Better understanding of why and when colorectal surgeons choose to convert remains an important focus for future research.
We have tried to mitigate against some of the limitations of observational studies in our study methods. In this case, firstly the inherent selection bias for laparoscopic and open surgery may have varied between centres and surgeons, subjecting patients to different outcomes masked by a pooled analysis. This bias is lessened by collating an international dataset that was adjusted using mixed-effects modelling for case-mix, was pre-planned and allows local units to benchmark their own performance against. The chance of selection and reporting biases was further reduced by the inclusion of all eligible patients at each centre. Other studies have reported contemporary practice in laparoscopic colonic surgery, including larger patient groups than included here. However, these include data from a single country and are retrospective analyses of registries [16, 19] . Prospective data collection, pre-specified analysis plans, and an international cohort from 48 countries increases external validity of our study findings. There was a 2-year interval in data collection between right-sided (2015) and left-sided (2017) resections. Increasing surgeon experience over these 2 years may have led to reduced conversions and improved postoperative outcomes within the left-sided resection group. However, the site of resection was not identified as a significant predictor of conversion, indicating that this short interval did not have a significant impact on this study. Although we did not analyse by unit or country (as pre-planned in the study protocol), identifying and reaching units that have low laparoscopy rates to safely increase patients' access to technology should be a priority. The introduction of laparoscopic colonic surgery over the past 25 years is a model for dissemination of new surgical techniques and makes this an example of an IDEAL phase 4 study [20] .
